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ABSTRACT 
 
The effects of climate changes will be exacerbated in the urban environment which 
is already characterized by specific microclimatic conditions, such as temperature 3-
5°C higher than the surrounding countryside ("urban heat island”), low-quality and 
impermeable soils that impose several stresses on plants. Also, the multiple 
interactions between water stress, increased temperature (diurnal and nocturnal) and 
increased atmospheric CO2 is particularly interesting and controversial.  
Plant tolerance of combined shade and drought, typically considered irresolvable 
due to trade-offs in morphology and physiology, potentially determines important 
vegetation patterns, especially as drought spells are becoming more severe 
worldwide. Existence of inverse correlations between ecological requirements of 
species involves the ad hoc hypothesis that being tolerant to a certain environmental 
factor involves a cost such that the plant cannot adjust simultaneously to multiple 
environmental stresses. Selection of the right species is therefore a primary 
requirement for successful tree planting. To this regard, pre-conditioning of nursery 
trees can be a supplementary tool to improve tree performances in the different 
urban environments. It has been shown that acclimation in the nursery to mild stress 
resulted in the production of hardened nursery stock, better able to tolerate 
transplanting and other environmental stress during establishment. 
 
1.  Context 
 
Climate change manifests itself in two fundamentally different ways: as a change in the 
average yearly temperature and/or rainfall, and as a change the frequency and intensity of 
rain pulses and heat waves (Rumukainen, 2012; IPCC, 2013). The Mediterranean-like 
environments appear to be more affected by climate change than most of other climatic 
zones with a drastic reduction in precipitation and an increase in temperatures which will 
result in extreme drought events during summer, when low water availability is paralleled 
by heat and high sunlight radiation (Bussotti et al., 2014). Also, the average intensity of 
rainy events is predicted to increase, but their frequency will decrease to a greater extent, 
particularly during spring and summer months.  
The effects of climate changes will be exacerbated in the urban environment 
which is already characterized by specific microclimatic conditions, such as temperature 
3-5°C higher than the surrounding countryside ("urban heat island")(Mc Carthy et al., 
2010), low-quality and impermeable soils (Ferrini and Fini, 2007), that impose several 
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stresses on plants. Beside this, the multiple interactions between water stress, increased 
temperature (diurnal and nocturnal) and increased atmospheric CO2 is particularly 
interesting and controversial.  
This said a question arises: what we know about the effects of climate change on 
trees and how they will guide our choices? 
In order to specify the future effects of climate change on arboriculture and urban 
forestry, reliable predictions of the transient changes in regional and global climate are 
required because we need to select plants that will tolerate the climate change. Drought is 
predicted to be the most significant factor not only in the Mediterranean-like climates and 
this will strongly affect survival and growth of newly planted trees and will probably 
influence the development of diseases and tree pest resistance. Not only the short-term 
effects on growth or survival in extreme years deserve attention, but also the long-term 
impacts on tree growth have to be considered in selecting planting material. With 
impending water shortages in many urban areas leading to prohibitions of water usage for 
landscape irrigation, planting trees that are more tolerant to prolonged drought conditions 
is the best long-term solution to a healthier, low-maintenance landscape. 
In this scenario, possible adaptation measures include changes in the 
establishment practices and tree management, better matching of species to site, both 
under current and future climates, and the planting of non-native species and provenances 
in anticipation of climate change. Current opinion is to encourage the planting of local 
provenances of native species, citing their adaptation to local conditions, and the 
requirement to maintain biodiversity and a native genetic base. However, indigenous or 
naturalized species may not be able to adapt to a changing climate, particularly given the 
rate of the changes predicted (Ferrini, 2011; Bussotti et al., 2014). Sourcing planting 
stock from regions with a current climate similar to that predicted for the future, may 
provide one option, although care must be taken to ensure that suitable provenances are 
selected which are not at risk from, for example, spring frost damage as a result of early 
flushing or have a potential to become invasive. It is indeed possible that in the long term, 
phenological responses from different tree species to temperature changes could lead to 
permanent changes of the geographical distribution of the same species. 
As already said, in the typical urban conditions, plants have often to respond to 
simultaneous stresses (e.g. drought, plus excessive light and heat) and their response is 
usually not predictable from single factor studies (Harris and Bassuk, 1993; Schulze et 
al., 2018; Valladares and Pearcy, 2002; Valladares and Niinemets, 2008). For example, 
the excess light stress experienced by trees growing in urban plazas, may be exacerbated 
by drought, which limits the use of radiation in the photosynthetic process because of 
both biochemical and non-stomatal limitations (Fini et al., 2012). Despite it is 
conceivable that moderate shading may reduce excess light stress, some research showed 
that the capacity of tree species to survive severe drought may be reduced by shade, 
because of shade-induced changes in leaf morphological, physiological and biochemical 
traits, resulted in lower capacity to counteract oxidative damage and in higher 
photoinhibition during sunflecks or after transplanting in very sunny environments 
(Valladares and Pearcy, 2002; Fini et al, 2014). This is particularly true in 
Mediterranean-like climates, when high irradiance is coupled in the long period with 
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drought during the summer, all conditions that strongly limit carbon assimilation and 
promote photoinhibition of the photosynthetic apparatus (Bussotti et al., 2014).  
Plant tolerance of combined shade and drought, typically considered irresolvable 
due to trade-offs in morphology and physiology, potentially determine important 
vegetation patterns, especially as drought spells are becoming more severe worldwide. 
Existence of inverse correlations between ecological requirements of species involves the 
ad hoc hypothesis that being tolerant to a certain environmental factor involves a cost 
such that the plant cannot adjust simultaneously to multiple environmental stresses.  
Selection of the right species is therefore a primary requirement for successful tree 
planting (Ferrini, 2011; Ferrini and Fini, 2013). To this regard, pre-conditioning of 
nursery trees can be a supplementary tool to improve tree performances in the different 
urban light environments. It has been shown that acclimation in the nursery to mild stress 
resulted in the production of hardened nursery stock, better able to tolerate transplanting 
and other environmental stress during establishment (Franco et al., 2006; Fini et al., 
2011; Killi et al., 2018). Exposition to full sunlight during cultivation in the nursery may 
act as a mild stress and may induce stress tolerance through changes in plant and leaf 
morpho-anatomical traits, increased leaf solute accumulation and enhanced 
photosynthetic, photoprotective and antioxidant capacities (Fini et al., 2014). Conversely, 
shading in the nursery of shade-tolerant trees to be planted in urban canyon can acclimate 
leaf anatomy and physiology to low light and increase growth rate.   
 
2. Conclusion  
 
In looking to the future, it is progressively critical to understand how plant will 
respond to climate change and to fully recognize the important role of trees in mitigating 
the effects of such changes. Beside climate change, other factors must be considered in 
order to ensure that the proper plant is placed in a specific site in the specific time and 
with the proper techniques. In general, these factors, which, however, are somewhat 
influenced by climate change, are divided into three major categories: design, site, and 
maintenance considerations. More specifically, factors to consider when selecting trees 
for city streets or park landscapes include pruning requirements and response, tree 
stability, disease resistance, catastrophic insect pests, soil adaptation, complementary 
planting, shade or sun tolerance, provenance, and adaptive cultivars. 
Finally, the selection should be based on the potential benefits brought by trees in the 
urban stand though, while we are all aware of these, only in the last ten years some 
efforts have been done to select plants for this kind of use and to adopt management 
practices to maximize the net benefits of urban forests on atmospheric carbon dioxide. 
 
References 
 
Sustainable Agriculture Water Management 2019 
 
 
46 
 
Bussotti, F., F. Ferrini, M. Pollastrini and A. Fini. 2014. The challenge of Mediterranean 
sclerophyllous vegetation under climate change: from acclimation to adaption. 
Environmental and Experimental Botany. Vol. 103: 80–98. 
Ferrini, F. 2011 Selecting Exotic Species for the Urban Environment. Arborist News, 
August, 20 (4):31-32 
Ferrini, F. and Fini A. 2013. Planning the green city of 2050: species selection in a global 
change scenario. Proceedings of the 89th International Congress of the 
International Society of Arboriculture. Toronto (Canada), 3-7 August 2013  
Ferrini, F., F. Bussotti, M. Tattini and A. Fini. 2014. Trees in the urban environment: 
response mechanisms and benefits for the ecosystem should guide plant selection 
for future plantings. Agrochimica, July-September 2014:234-246. 
Fini, A. and F. Ferrini. 2007. Effetti dell’ambiente urbano sulla fisiologia e la crescita 
degli alberi. Italus Hortus, 14: 9-24  
Fini, A., Ferrini F., M. Di Ferdinando, C. Brunetti, C. Giordano and M.  Tattini M. 2014. 
Shading in the nursery affects drought tolerance of F. ornus plants in the 
landscape. Urban Forest and Urban Greening, Vol. 13(1):63-70. 
Fini, A., L. Guidi L., F. Ferrini, C. Brunetti, M. Di Ferdinando, S. Biricolti, S. Pollastri, 
L. Calamai and M. Tattini. 2014. Drought stress has contrasting effects on 
antioxidant enzymes activity and phenylpropanoid biosynthesis in Fraxinus ornus 
leaves: an excess light stress affair? Journal of Plant Physiology, 169(10):929-939 
(2012) 
Fini, A., P. Frangi, G. Amoroso, R. Piatti, M. Faoro, C. Bellasio and F. Ferrini. 2011. 
Effect of controlled inoculation with specific mycorrhizal fungi from the urban 
environment on growth and physiology of containerized shade tree species 
growing under different water regimes. Mycorrhiza, 21(8):703-19. 
Franco, J.A., J.J. Martinez-Sanchez, J.A. Fernandez and S. Bañón. 2006.  Selection and 
nursery production of ornamental plants for landscaping and xerogardening in 
semi-arid environments. J. Hortic Sci Biotechnol 81(1):3–17 
Harris, J.R. and Bassuk N.L. 1993. Adaptation of trees to low-light environments: effect 
of branching pattern of Fraxinus Americana. Jou. Arboric., Vol. 19, No. 6, pp. 
339-343 
IPCC: Climate Change. 2013: The Physical Science Basis. Contribution of Working 
Group I to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change (Stocker T.F., Qin D., Plattner G.K., Tignor M., Allen S.K., 
Boschung J. et al., eds.). Cambridge University Press, Cambridge, UK 
Killi, D., F. Bussotti, E. Gottardini, M. Pollastrini, J. Mori, C. Tani, A. Papini, F. Ferrini 
and A. Fini. 2018. Photosynthetic and morphological responses of oak species to 
temperature and [CO2] increased to levels predicted for 2050. Volume 31, April 
2018, Pages 26-37. 
Sustainable Agriculture Water Management 2019 
 
 
47 
 
McCarthy, M.P., M.J. Best M.J., R.A. Betts. 2010. Climate change in cities due to global 
warming and urban effects. Geophysical Research Letters, 37. 
doi:10.1029/2010GL042845 
Rumukainen, M; 2012. Changes in climate and weather extremes in the 21th Century. 
Wiley Interdisciplinary Reviews: climate change 3, 115-129. 
Schulze, E.D., E. Beck, N. Buchmann, S. Clemens, K. Müller-Hohenstein and 
M. Scherer-Lorenzen. 2018. In Plant Ecology, Springer-Verlag Berlin, 
Heidelberg, New York. 2nd ed. 2018, XXVII, 910 p. 545 illus., 481 illus. in color. 
ISBN 10: 354020833X. ISBN 13: 9783540208334 
 Valladares, F. and Niinemets Ů. 2008 Shade tolerance, a key plant feature of complex 
nature and consequences. Ann. Rev. Ecol. Evol. Syst. 39, pp. 237–257 
Valladares, F. and Pearcy R.W. 2002. Drought can be more critical in the shade than in 
the sun: a field study of carbon gain and photo-inhibition in a Californian shrub 
during a dry El Niño year. Plant, Cell and Environment, 25, pp. 749-75. 
  
